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Abstract 
Sukabumi	regency	classified	as	relatively	high	rainfall	region,	but	surprisingly	when	dry	
season	comes,	the	water	that	has	been	obtained	from	high	rainfall	just	disappear.	In	the	
dry	 season	 Sukabumi	 runs	 into	 drought	 and	 often	 hit	 by	 floods	 during	 rainy	 season.	
However,	drought	and	floods	minimized	by	the	presence	of	trees	that	stretched	across	the	
region,	but	over	the	years	the	trees	continuously	degraded	and	reduced	in	number	due	to	
use	of	industrial,	residential,	and	plantation.	Therefore,	needed	for	another	alternative	to	
maintain	the	stability	of	water	resources.	This	research	aim	to	preserve	water	resources	
from	rainy	season	to	use	in	dry	season,	with	this	mind,	the	problems	of	water	shortages	
and	floods	can	be	solved	at	once.	Because	of	Sukabumi	has	large	karst	landform,	it	is	easier	
to	preserve	water	using	river	flow	manipulation	on	this	region.	The	methods	that	used	in	
this	research	including	studio	method	and	quantitative	morphometry	analysis.	From	the	
analysis	 of	 its	 characteristics,	 Sukabumi	 karst	 landform	 has	 significant	 underground	
caves	and	water	activities.	Moreover,	river	morphometry	shows	value	of	bifurcation	ratio	
(Rb)	and	drainage	density	(Dd)	are	3.409	and	0.419	km/	sq.	km,	respectively.	This	Rb	
value	interprets	that	the	rivers	have	moderate	decrease	or	increase	of	flooding	water	level	
and	are	not	 distorted	by	 geological	 structures.	And	Dd	value	 indicates	 the	 flow	of	 the	
rivers	 are	 relatively	 infrequent,	 high	water	 infiltration,	 low	 run‐off,	 and	good	porosity	
rocks.	In	conclusion,	those	parameters	are	support	to	do	river	manipulation. 
Keywords:	Water;	karst	landform;	river	manipulation;	bifurcation	ratio;	drainage	density.	
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1. Introduction	
1.1. Research	Background	
The	research	area	located	between	latitudes	7o	0’	0”	N	‐7o	2’	40.74”	N	and	longitudes	
106o	46'	49”	E	‐	106o	49’	31.8”	E,	covering	an	area	25	sq.	km	with	the	objects	study	include	
karst	 landform	characteristics	and	river	morphometry.	Administratively,	research	area	
located	 in	 Sukabumi,	 a	 regency	 in	 the	 southern	 foothills	 of	Mount	 Gede	 in	West	 Java,	
Indonesia,	 the	 location	 is	about	80	km	south	of	 the	national	capital,	 Jakarta.	Sukabumi	
classified	as	relatively	high	rainfall	region,	but	the	surprising	thing	is	when	the	dry	season	
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comes,	the	water	that	has	been	obtained	from	high	rainfall	just	disappear.	When	the	dry	
season	Sukabumi	run	 into	drought	and	when	the	rainy	season	often	hit	by	 floods.	The	
drought	and	 flood	problem	has	become	regular	circumstance	every	year	 in	Sukabumi,	
moreover,	especially	drought,	its	impact	affected	the	economic	society	because	every	year	
always	occurred	failed	harvest	for	hundreds	hectares.	However,	drought	and	floods	that	
hit	Sukabumi	can	be	minimized	by	the	presence	of	trees	that	stretched	across	the	regions,	
but	over	the	years	the	trees	continuously	degraded	and	reduced	in	number	due	to	the	use	
of	 industrial,	 residential,	 and	 plantation.	 Therefore,	 needed	 for	 another	 alternative	 to	
maintaining	 the	 stability	 of	 water	 resources.	 This	 research	 aim	 to	 preserve	 water	
resources	from	the	rainy	season,	to	use	during	the	dry	season	using	karst	landform,	with	
this	mind,	the	problems	of	water	shortages	and	floods	can	be	solved	at	once.	To	achieve	
that	purpose,	at	first	need	to	(1)	determine	the	characteristics	of	the	karst	landform	in	the	
research	area	and	(2)	determine	river	morphometry,	including	the	value	of	bifurcation	
ratio	(Rb)	and	drainage	density	(D).	The	determination	of	karst	landform	characteristics	
and	river	morphometry	properties	are	the	primary	baseline	to	manipulate	the	flow	of	the	
river,	from	these	aspects	can	be	determined	whether	the	Sukabumi	area,	especially	in	the	
research	area	allows	for	manipulation	or	not.	
	
1.2. Sukabumi	Water	Condition	
Sukabumi	has	high	rainfall	average	of	3,750	mm	/	year	(Wardani,	2008).	Based	on	
IWACO‐WASECO	data	(Puradimaja	et	al.,	2002),	Sukabumi	has	127	spring	points,	which	
that	 amount	 are	 the	 largest	 compared	 with	 other	 regions	 in	 West	 Java.	 With	 those	
conditions,	 the	 Sukabumi	 water	 demands	 should	 be	 met	 properly,	 but	 the	 fact	 that	
occurred	when	the	dry	season	are	the	opposite.	According	to	Sukabumi	Head	Department	
of	 Agriculture	 and	 Foodstuffs	 Institute	 in	 2015,	 Sukabumi	 suffered	 great	 drought,	 the	
drought	 farmland	 reached	 7,357	 hectares,	 with	 the	 details	 2,013	 hectares	 are	 mild	
drought,	2,784	hectares	are	moderate	drought,	and	1,642	hectares	are	severe	drought,	
the	 drought	 caused	 at	 least	 917	 hectares	 of	 farmlands	 are	 failed	 to	 be	 harvested.	
Moreover,	 the	baffling	thing	 is	when	the	rainy	season	comes,	 few	regions	of	Sukabumi	
often	 hit	 by	 floods.	 From	 these	 circumstances,	 concluded	 that	 the	 Sukabumi	 water	
resources	management	 is	quite	 less.	The	cause	of	 this	oddity	 still	missing	 the	obvious	
point,	but	from	the	standpoint	of	geology,	because	Sukabumi	located	close	to	the	beach,	
the	water	obtained	from	the	rain	will	be	more	rapidly	transported	to	the	sea,	so	that	the	
water	 cycle	will	 run	 faster,	 and	water	 cannot	 be	 utilized	 effectively.	 But	 the	 outcome	
would	be	different	if	the	rain	water	infiltrated	beforehand,	thus	the	water	transport	to	the	
sea	will	 be	 longer	 and	 the	 infiltrated	water	 can	be	used	 for	 agricultural	 or	 even	 daily	
human	needs	if	it	enable.	
	
1.3. Karst	Landform	
As	in	Jennings	(1971),	karst	is	terrain	in	which	soluble	rocks	are	altered	above	and	
below	ground	by	the	dissolving	action	of	water	and	that	bears	distinctive	characteristics	
of	relief	and	drainage.	 	According	to	Hugget	(2007)	karst	 landform	refers	to	 limestone	
terrain	characteristically	lacking	surface	drainage,	possessing	a	patchy	and	thin	soil	cover,	
containing	 many	 enclosed	 depressions,	 and	 supporting	 a	 network	 of	 subterranean	
features,	including	caves	and	grottoes,	moreover,	he	explained	that	karst	springs	are	the	
natural	outlets	for	water	discharging	from	conduit	networks,	they	typically	are	developed	
at	a	local	or	regional	ground‐water	discharge	boundary‐that	is,	at	a	location	of	minimum	
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hydraulic	 head	 in	 the	 aquifer.	 Taylor	 &	 Greene	 state	 that	 a	 karst	 aquifer	 can	 be	
conceptualized	as	an	open	hydrologic	system	having	a	variety	of	surface	and	subsurface	
input,	throughput,	and	output	flows,	and	boundaries	defined	by	the	catchment	limits	and	
geometry	of	conduits.	
One	of	the	uniqueness	of	karst	landform	is	the	ability	to	preserve	water	resources.	
In	this	case,	when	water	flows	on	karst	surface,	it	will	suddenly	disappear	into	the	ground	
to	form	underground	streams	and	then	appear	at	the	other	places	as	springs,	moreover	
when	water	occupies	underground	caves	it	will	be	preserved	in	great	numbers	due	to	the	
availability	of	space.	Karst	landform	has	a	major	role	in	the	hydrological	cycle,	the	water	
largely	 will	 be	 infiltrated	 into	 the	 cracks	 (epikarst)	 on	 the	 surface,	 which	 mean	
subsequently	stored	in	cavities	of	dissolution	for	 three	to	four	months	after	the	end	of	
rainy	season	(Ashari,	2012).	For	this	reason,	the	karst	landform	is	very	beneficial	to	do	
water	resources	management	if	it	utilized	properly.		
	
	
	
	
	
		
	
	
	
	
	
	
	
	
	
	
	
	
Figure	1.	A	forested	karst	landform	system	(P.	Griffiths),	karst	landform	characterized	
by	 the	 presence	 of	 underground	 streams	 due	 to	 dilution,	 surface	 water	 can	 be	
infiltrated	into	the	cavities.	
	
Indonesia	karst	landforms	scattered	ubiquitous	with	total	wide	approximately	15.4	
million	hectares	(Sukandarrumidi	&	Maulana,	2014),	there	are	at	least	24	large‐scale	karst	
landforms	already	recorded,	and	still	very	much	other	karst	landforms	of	various	scales	
that	 have	 not	 been	 recorded	 that	 lied	 around	 throughout	 the	 Indonesia	 regions.	
Furthermore,	according	to	Wahana	Lingkungan	Hidup	Indonesia	(WALHI)	executive	note,	
in	West	 Java	 (a	 province	 of	 Indonesia),	 karst	 landforms	 spread	 over	 several	 hills	 and	
mountains	in	11	regencies,	few	famous	of	them	are	Citatah‐Rajamandala	(West	Bandung),	
Jagabaya‐Cibodas	 (Bogor),	 and	 Sukabumi	 karst	 landform	 (Sukabumi).	 Hence,	 with	 so	
many	karst	landforms	in	Indonesia	it	would	be	a	very	pity	if	are	not	used	to	maintain	the	
water	resources	management.	
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2. Method	
There	 are	 two	 methods	 used	 in	 this	 research,	 they	 are	 studio	 method	 and	
quantitative	morphometry	analysis.	The	studio	method	includes	creating	geological	map	
unit	 and	 river	 order	 map	 using	 MapInfo	 Professional,	 Photoshop,	 and	 Corel	 Draw.	 In	
creating	 geological	 map	 of	 the	 research	 area,	 used	 geological	 map	 Jampang	 and	
Balekambangan	sheet	as	a	base	reference,	and,	river	order	map	carried	on	the	delineation	
of	the	watershed	of	the	base	map.	While,	for	the	analysis	of	river	morphometry	including	
calculate	the	value	of	bifurcation	ratio	and	drainage	density	used	Ms.	Excel.	To	support	the	
calculation,	 the	 data	 of	 river	 profiles	 such	 as	 river	 order,	 stream	number,	 and	wide	 of	
watershed	should	already	be	known.	
	
3. Result	and	Discussion	
3.1. River	Flow	Manipulation	
From	the	problems	that	have	been	described	earlier	and	the	ability	of	karst	landform	
that	can	store	water	resources,	the	solution	offered	from	this	paper	is	to	manipulate	the	
river	 in	 karst	 landform,	 the	manipulation	 carried	 out	 by	 flowing	more	 water	 to	 karst	
landforms	using	open‐close	gate	(a	kind	of	dam)	in	the	main	river.	Literally,	when	rain	falls	
on	the	high	elevation,	the	water	flows	evenly	to	the	lower	surface	by	following	the	rivers,	
the	heavier	rain	occurs	the	faster	and	more	volume	of	water	transported,	when	the	river	
no	longer	able	to	accommodate	the	water,	it	will	spill	into	the	ground,	as	a	result	of	fair	
soil	porosity	and	permeability,	even	worse	when	it	covered	by	cement	or	bricks,	then	will	
occur	a	flood.	When	the	flood	occurs,	necessary	to	manipulate	the	water	flow	of	the	river,	
this	 manipulation	 conducted	 by	 analyzing	 the	 porosity	 (ability	 to	 hold	 fluid)	 and	
permeability	(ability	to	ease	fluid)	around	the	landforms.	Thus,	the	flow	of	water	no	longer	
flowed	 evenly	 divided	 along	 rivers,	 the	 landform	 which	 has	 good	 porosity	 and	
permeability	will	obtain	water	in	large	amount	and	vice	versa	for	the	landform	which	has	
bad	porosity	and	permeability,	in	other	words,	the	karst	landform	will	obtain	more	water	
supply.	The	 idea	that	explained	above	is	not	simple	as	 it	seems,	need	to	be	analyzed	in	
detail	on	the	characteristics	of	karst	landform	and	its	morphometric	river,	whether	those	
parameters	capable	to	conduct	river	manipulation	or	not.	
	
3.2. Characteristics	of	Sukabumi	Karst	Landform	
Karst	area	in	Sukabumi	covers	total	area	1.25	million	hectares	from	the	elevation	
535	 to	 850	meters	 above	 sea	 level,	 the	 karst	 region	 is	 located	 in	 a	mountainous	 area	
consisting	 of	 a	 mixture	 between	 natural	 forests	 and	 plants	 such	 as	 Pine,	 Mahogany,	
Agathis,	and	Calliandra	(Wardani,	2008).	Geologically,	at	the	research	area	consist	of	few	
types	of	rock	units,	they	are	Tmcb	(member	of	Bojonglopang	formation),	Qpv	(volcanic	
breccia),	 Qpyt	 (young	 terrace	 deposits),	 Tmem	 (Cimandiri	 formation),	 Tmjc	 (Cikarang	
member),	and	Qha	(alluvium	and	coastal	deposits),	in	this	paper,	will	be	focused	to	discuss	
Tmcb	unit	because	posses	karst	landform.	In	the	geological	map,	the	research	are	is	a	part	
of	 Jampang	 and	 Balekambangan	 sheet,	 but	 the	 detailed	 explanation	 of	 Bojonglopang	
formation	contained	in	the	Bogor	sheet.	In	the	Bogor	 	sheet	(geological	map),	Kusnama	
and	Herman	in	1998	explained	that	Bojonglopang	formation	consists	of	solid	limestone	
reefs	and	sandy	limestone	layered	with	a	thickness	of	250‐300	m,	suspected	aged	early	
Miocene.	Bojonglopang	formation	is	karst	landform,	which	is	formed	by	dissolution	occurs	
in	limestone.	
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Figure	2.	The	left	 figure	shows	geological	map	unit	of	research	area,	covering	25	sq.	km	with	1:	12500	scaled.	
While,	the	right	figure	shows	river	order	map	of	part	of	Cimandiri	River	in	the	research	area.	
	
Karst	 systems	are	 divided	 into	 three	part,	 they	 are	 input	 (exocarst),	 throughput	
(epikarst	 and	 endokarst),	 and	 output	 (springs).	 Exokarst	 karst	 system	 located	 on	 the	
surface,	 while	 endokarst	 lies	 beneath	 the	 surface	 with	 generally	 equipped	 with	
underground	caves	and	water	activity,	Sukabumi	karst	 landform	grouped	to	endokarst	
system	because	has	 few	underground	 caves	 e.g.	 Cipucung,	 Landak,	 and	Caringin	Cave,	
with	their	presence,	the	water	can	be	stored	largely.	These	are	the	profiles	of	the	caves:	
	
Table	1.	The	underground	cave	profiles	of	Sukabumi	Karst	Landform	based	on	work	of	Wardani	(2008)	
Name Length	(m) Depth	(m) Wide	(m) High	(m)	
Cipucung	 187.2	 724.1	 5.8	 4.1	
Landak	 291.9	 745.2	 3.9	 3.2	
Caringin	 155.4	 754.2	 2.4	 3.9	
 
3.3. River	Morphometry 
Morphometry	 is	 the	 mathematical	 analysis	 of	 the	 earth	 surface	 configuration,	
dimension,	 shape,	 and	 landforms	 (Martins	 &	 Gadigba,	 2015).	 The	 analysis	 of	 river	
morphometry	that	used	to	support	this	manipulation	are	the	bifurcation	ratio	(Rb)	and	
drainage	density	(D).	The	term	bifurcation	ratio	(Rb)	is	used	to	express	the	ratio	of	the	
number	of	streams	of	any	given	order	to	the	number	of	streams	in	next	higher	order.	Rb	
value	can	be	divided	into	three	types,	less	than	3,	3,	3‐5,	 in	which	each	of	these	values	
interpret	different	characteristics	of	the	streams.	While,	drainage	density	is	the	ratio	of	
total	channel	segment	lengths	cumulated	for	all	orders	within	a	basin	to	the	basin	area,	
which	is	expressed	in	terms	of	mi/sq.	mi	or	km/sq.	km,	the	drainage	density	indicates	the	
closeness	of	spacing	of	channels,	 thus	providing	a	quantitative	measure	of	 the	average	
length	of	stream	channel	for	the	whole	basin	(Rao	et	al.,	2010).	The	interpretation	value	
of	drainage	density	explained	by	Strahler	(1964),	which	is	high	drainage	density	is	the	
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resultant	 of	 weak	 or	 impermeable	 subsurface	 material,	 sparse	 vegetation	 and	
mountainous	relief,	and	low	drainage	density	leads	to	coarse	drainage	texture	while	high	
drainage	density	leads	to	fine	drainage	texture.	To	calculate	the	value	of	Rb	and	D,	needed	
these	formulas:	
	
Rb=	No/No+1	 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐(1)	
	
Rb	:bifurcation	ratio	
No	:	Stream	number	in	each	order	
	
D=	∑L/A		‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐(2)	
	
D:	drainage	density	
L	:	stream	length	
A:	wide	of	watershed	
	
The	main	river	in	the	research	area	named	Cimandiri	River,	its	pattern	is	dendritic	
(twigs	like).	This	pattern	is	formed	in	a	drainage	basin	composed	of	fairly	homogeneous	
rock	 without	 control	 by	 the	 underlying	 geologic	 structure.	 The	 longer	 the	 time	 of	
formation	of	a	drainage	basin	is,	the	more	easily	the	dendritic	pattern	is	formed	(Howard,	
1967).	To	determine	value	of	Rb	and	D	of	the	rivers,	required	few	data	of	river	profiles	
such	as	river	order,	stream	number,	total	stream	length,	and	wide	of	the	watershed.		
	
Table 2. River profile of research are (part of Cimandiri River) 
Order	 Stream	Number	 Total	Stream	
Length	(m)	
A	(m2)	
1st	 31	 1017.63	 16230000.00	
2nd	 11	 5241.39	
3rd	 2	 3578.26	
4th	 1	 7102.51	
	
With	the	data	derived	from	the	research,	and	using	the	existing	formulas,	obtained	value	
of	 Rb	 3.409	 and	 the	 value	 of	 D	 0.419	 km	 /	 sq.	 km.	 which	 is	 according	 to	 Strahler	
interpretation,	 the	 bifurcation	 ratio	 that	 ranged	 between	 3.0	 and	 5.0	 for	 river	 basins,	
interpreted	that	the	geological	structures	do	not	distort	the	drainage	pattern.	In	addition,	
that	Rb	value	can	also	be	interpreted	that	the	river	has	increase	or	decrease	of	flooding	
water	level	is	not	too	fast	or	slow	(intermediate).	While	the	value	D	0.419	km	/	sq.	km	is	
classified	 to	 low	D	which	means	 that	 the	morphology	of	 the	 river	has	a	 rough	 texture,	
which	indicates	that	the	flow	of	the	river	is	relatively	rare,	high	water	infiltration,	low	run‐
off,	and	good	rock	porosity.	
	
___________________________	
(1) The	formula	to	calculate	bifurcation	ratio,	while	(2)	used	to	calculate	the	drainage	density	of	watershed	
4. Conclusion	
The	problem	of	water	shortage	in	the	research	area	can	be	minimized	by	conduct	
water	 resources	 management	 using	 river	 manipulation	 in	 karst	 landform.	 The	
manipulation	implements	by	divide	the	percentage	of	water	flow	from	the	rainy	season	in	
accordance	with	landform	ability	in	absorbing	and	storing	water,	where	the	distribution	
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carry	out	by	open‐close	gate	in	the	main	river.	Karst	 landform	will	derives	more	water	
supply	in	order	to	store	water	in	it,	which	then	be	used	in	the	dry	season.	
The	 prominent	 characteristic	 of	 Sukabumi	 karst	 landform	 is	 the	 presence	 of	
underground	caves,	named	Cipucung,	Landak,	and	Caringin	Cave,	the	caves	are	very	useful	
as	a	water	storage	media,	besides	that,	Sukabumi	karst	 landform	classified	as	endokars	
system	 which	 has	 many	 underground	 water	 activities.	 The	 data	 processing	 of	 river	
morphometry,	 shows	 the	 value	 of	 bifurcation	 ratio	 (Rb)	 and	 drainage	 density	 (D)	 are	
3,409	and	0.419	km	/	sq.	km,	respectively.	The	Rb	value	interpret	that	the	rivers	in	the	
research	 area	have	moderate	 decrease	 or	 increase	 of	 flooding	water	 level	 and	 are	 not	
distorted	by	geological	structures.	While	the	D	value	 indicate	the	 flow	of	 the	rivers	are	
relatively	infrequent,	high	water	infiltration,	low	run‐off,	and	good	rocks	porosity.	After	
all,	from	the	parameters	of	landform	characteristic,	bifurcation	ratio	and	drainage	density	
of	the	river,	those	all	are	support	to	do	river	manipulation.	
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